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Abstract 
The purpose of this study was to examine the factor structure and the measurement invariance of a reading literacy scale in the 
Italian context. The subjects are Italian pupils who took part in Progress in International Reading Literacy Study 2006. A 
confirmatory factor analysis approach was used and a full measurement invariance model was assessed. Results showed that the 
reading literacy is a factorially valid measure with metric invariance across gender and students with different immigration 
background. Results also suggested possible limitations of using PIRLS 2006 data when making within-country comparisons. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The Italian government has been focusing closely on reading literacy in recent years. Italy is participating to the 
Programme for International Student Assessment (PISA) promoted by the Organisation for Economic Cooperation 
and Development (OECD) in addition to the Progress in International Reading Literacy Study (PIRLS), promoted 
by the International Association for Evaluation of Educational Achievement (IEA). Data from these large scale 
international assessments are used to make within-country comparisons and to inform policy decisions. A basic 
assumption underlying these comparisons is that the measurement of reading achievement remains invariant across 
different student groups. If this assumption proves to be untrue, that is if the measure should be altered across 
student groups with different features, the validity of the inferences based on the reading literacy scale might be 
biased.  Although some research has been done on measurement structure and invariance of reading literacy scales 
at an international level (e.g. Goldstein, 2004; Gustafsson & Rosén, 2006; Martin, Mullis, Kennedy, 2007; OECD, 
2009), there is a lack of studies that address the problem at the national level, examining the achievement of 
subgroups of students within the same country.  
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1.1. Purpose of the study 
The main purpose of this study was to examine the factor structure and the measurement invariance of the PIRLS 
2006 reading literacy scale in the Italian context. More specifically invariance across gender, across groups of 
students with different immigration background and across geographical areas was tested. 
1.2. Measurement invariance from a psychometric point of view 
From a psychometric point of view at least three levels of measurement invariance can be distinguished 
(Campbell, Barry, Joe, & Finney, 2008): configural invariance, metric invariance, and scalar invariance. Configural 
invariance refers to whether the same number of latent constructs characterized by the same items, fits the data 
equally well across groups. Metric invariance adds the constriction that association between the latent constructs and 
the items must be equal across groups. If metric invariance is not reached this constitutes evidence that different 
groups of students are interpreting the items in different ways. A further level of measurement invariance is scalar 
invariance which shows that students with the same level of latent construct have chosen the same response options 
for the same items. In order to interpret mean differences between the various groups, scalar invariance has to exist. 
1.3. The effect of gender, immigration background and geographical areas on reading literacy 
International studies have shown that student groups defined by gender and immigration background often have 
different levels of performance (e.g. Mullis, Martin, Kennedy, & Foy, 2007; OECD, 2007). More specifically 
PIRLS 2006, data showed that in Italy (as in all the other participating countries) girls had higher achievement levels 
than boys. As regards immigration background, in accordance with the general trend of the countries in PIRLS 
2006, in Italy students with both parents born in the country had the highest average reading achievement, followed 
by students with one parent born in the country. Pupils with both parents born in another country had the lowest 
average performance. Additionally PIRLS 2006 Italian data showed that there are significant differences in the 
reading performance of students depending on the geographical area where they are located. In fact better results 
have been obtained in the northern and central regions compared to the regions of the South (INVALSI, 2008). 
2. Methods 
2.1. Participants and procedures 
The subjects were 667 fourth grade Italian pupils who took part in PIRLS 2006. These students attended 151 
primary schools randomly selected from the population of Italian primary schools. Of all participating students 51% 
were girls and 85% were pupils with both parents born in Italy. As regards geographical distribution 40.8% of the 
students were tested in the South of Italy, 17.7% in the Centre and 41.5% in the North. 
2.2. Instrumentation 
In PIRLS 2006, reading passages and questions sets were distributed across a number of test booklets, each 
consisting of two sections. Each student completed one test booklet. Passages were paired in different combinations 
throughout the booklets according to a linkage plan except for one booklet. This booklet called "PIRLS Reader" was 
presented in colour and had a separate set of questions. The present study is focused on the PIRLS 2006 Reader for 
two reasons. Firstly this type of assessment, based on a magazine format, is more similar to a real life setting. 
Secondly the large number of subjects who answered the Reader questions is well suited for analysis on 
measurement invariance. In fact, in order to balance the proportion of students responding to different blocks of 
items, the number of subjects who completed the Reader was three times greater than the number of pupils 
completing other booklets. As regards the questions, the PIRLS 2006 Reader contained 27 items (13 multiple-choice 
questions and 14 open questions). 
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2.3. Data Analysis 
The main interest of the present paper was to test the equivalence of measurement structures at the test level, 
therefore a confirmatory factor analysis (CFA) approach has been used. Multigroup CFA is a well established 
technique (Jöreskog ,1971) to test if the number of factors, item loadings, item errors, and factor correlations of an 
instrument vary across groups. 
Since the PIRLS 2006 overall reading scores were obtained by means of a unidimensional model (Martin, Mullis, 
& Kennedy, 2007), in the present study the tested model consisted of only one factor. 
Multiple indices of fit were assessed in support of the model. The F2/df ratio was included as an absolute fit 
index, with acceptable scores on the chi square, adjusted for degrees of freedom, defined as smaller than five 
(Wheaton, Muthèn, Alwin, & Summers, 1977). Two incremental fit indices were considered: the Tucker-Lewis 
index (TLI; Bentler & Bonett, 1980) and the incremental fit index (IFI; Bollen, 1989), with values close to .95 being 
indicative of good fit (Hu & Bentler, 1999). The comparative fit index (CFI; Bentler, 1990) with values greater than 
.90 considered a good fit (Byrne, 2001) was also included. Finally, the root mean square error of approximation 
(RMSEA; Steiger, 1990) was considered. Values below .05 indicated good fit and values as high as .08 represented 
reasonable errors of approximation in the population (Browne & Cudeck, 1993).  
To examine the equivalence of the factor structure of the scales across the different subgroups (boys vs. girls and 
students with both parents born in Italy vs. students with at least one parent born abroad) three nested models were 
tested for each comparison. Chi-square differences and CFI differences (Cheung & Rensvold, 2002) were 
considered in order to assess the models. In the first model (configural invariance) parameters were estimated across 
the different groups. In the second model (metric invariance) equality constraints on all freely estimated factor 
loadings were placed in order to assess whether the unit of measurement of the underlying factor was identical. In 
the third model (scalar invariance) additional constraints were imposed to see if reading scores from different groups 
had the same unit of measurement as well as the same origin. 
3. Results 
In the whole Italian sample the tested model had the goodness-of-fit indexes as follows: F2 = 357.89 (df =275), p
< .01, F2/df = 1.3, TLI = .93, IFI = .93, CFI = .93, RMSEA = .01. The reliability of the reading literacy scale in 
terms of internal consistency was .76 (Cronbach's Į). As regards the equivalence of factor structure across different 
subgroups, Table 1 presents the results. 
Table 1. Equivalence of the factor structure of the Reading literacy scale across different subgroups of students
Subgroup Comparison 
Configural invariance models 
(Baseline models) 
Metric invariance models 
Scalar invariance models 
Boys  / Girls 
F2 (df) 677.38 (550) 716.786 (575) 750.75 (600) 
CFI .896 .885 .87 
RMSEA .02 .02 .02 
Parents born in Italy/ 
Parents born abroad 
F2 (df) 668.4 (550) 714.06 (575) 749.75 (600) 
CFI .894 .883 .87 
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RMSEA .02 .02 .02 
North/Centre/South 
F2 (df) 1028.05 (825) 1094.94 (875) 1163.73 (925) 
CFI .83 .81 .80 
RMSEA .02 .02 .02 
3.1. Configural invariance models 
In the first models parameters were estimated across the different groups. The fit of these three models provided 
the baselines against which other models were compared. As table 1 shows the results indicated a good fit of the 
model both for gender comparisons (F2 = 677.38 df =550 p <.01, CFI = .90, RMSEA = .02), for immigration 
background comparisons (F2 =668.4; df=550, p =< .01, CFI = .90, RMSEA = .02) and for geographical area 
comparisons (F2=1028.05; df=825, p =< .01, CFI = .83, RMSEA = .02). 
Since the fit of the baseline model for geographical area comparisons was poor, differences between metric and 
scalar invariance models were not reported in the text. 
3.2. Metric invariance models 
In these models constrains were placed on freely estimated factor loadings to see if they were invariant across the 
different groups of subjects. As can be seen in table 1 the model is invariant for gender comparisons (ǻF2 = 39.4; df 
=25, p > .01, ǻCFI = .09). As regards immigration background comparisons, although the chi-square difference was 
statistically significant (ǻF2 = 45.6; df =25, p < .01), the difference in CFI was smaller (from .009) than the cut-off 
criterion of .01 suggested by Cheung and Rensvold (2002). According to this last criterion the model can be 
considered substantially invariant. 
3.3. Scalar invariance models 
In  these  models  a  number  of  additional  constrains  were  imposed  in  order  to  assess  whether  the  four  sets  of  
intercepts were invariant. Table 1 shows that there is no evidence for scalar invariance in either the gender model 
ǻȤ2 = 73.4; df =50, p > .01, ǻCFI = .026) or the immigration background model (ǻF2 = 81.3; df =50, p > .01, ǻCFI 
= .024). 
4. Discussion and conclusions 
This study utilized multi-group confirmatory factor analysis to assess the factor structure and the measurement 
invariance of the PIRLS 2006 reading literacy scale in the Italian context. Measurement invariance involves testing 
the equivalence of measured constructs in two or more independent groups to assure that the same constructs are 
being assessed in each group. In the present paper measurement invariance was tested in terms of configural, metric 
and scalar invariance across seven groups of students defined by gender (boys vs. girls), by immigration background 
(students with both parents born in Italy vs. students with at least one parent born abroad) and by the geographical 
area in which they live (north vs. centre vs. south). 
Results show that one factor structure that underlies the PIRLS 2006 overall reading literacy scale fits the Italian 
data quite well. Additionally the scale shows in the Italian context a certain degree of reliability in terms of internal 
consistency. 
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As regards measurement invariance the analysis showed that there is configural invariance and metric invariance 
both for gender and for immigration background groups, but these levels of scale stability was not reached for 
geographical groups. Metric invariance means that the unit of measurement of reading literacy is identical for the 
different groups. In other words one unit of change for girls is equal to one unit of change for boys, and the same 
applies for groups with different immigration background. Therefore, since there is metric invariance, relations 
between the factor of reading literacy and other external variables can be compared across these four groups 
(although the scales of the factors do not have the same origin). This does not apply to students who live in different 
Italian geographical areas: there is some evidence that these different groups of pupils could have interpreted the 
reading items in a different way 
The results regarding scalar invariance show that this higher level of stability was not reached. According to the 
findings of the present study, scores for all the different groups taken into consideration do not have the same origin, 
and thus the factor means cannot be properly compared across groups. In fact it is not possible to determine whether 
any difference on factor means between girls and boys or between students with different immigration backgrounds, 
or between students who attend schools in different geographical areas, is a real difference or is the consequence of 
a measurement problem. 
In conclusion, the PIRLS 2006 reading literacy scale appears to be a factorially valid measure and shows metric 
invariance across different subgroups of Italian students, except for those who attend schools in different 
geographical areas. With the data reported here scalar invariance was never achieved. This result could suggest 
some limitations in using the PIRLS 2006 database for making student comparisons in the Italian context, especially 
when the reading performance of students who attend schools in northern, central and southern Italy are compared. 
This study extends previous research findings in exploring the boundaries of using data from large scale 
assessments, especially when they are used to make comparisons between different groups of subjects within the 
same country. Finally it should be noted that the generalizability of this study is limited by the use of a particular 
sample consisting only of Italian students and by the use of only one subset of the reading booklets adopted in 
PIRLS 2006. Future studies would ideally be conducted on different samples of students and would be based on a 
larger set of instruments 
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